Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


yO | By se Trullinzer, 
Lo \ 


Paes Ray 


RECEIVED 


“PROMISING LINES OF AGRICULTURAL ENGINEERING REQBADEC 12 1928 * 
Bj 
: U8. Department af “Agrionlture 
Assistant in Experiment Station Administration, 
(Agricultural Engineer ) oe 
Office of Hxperiment Stations, U..5. 
Department of Agriculture. 


Sep os on dene sh 


The efforts of those engaged in agricultural pursuits to get the largest 
possibile returns for their labor and the capital invested appear to show that the 
attainment of economy and efficiency in agricultural production can be materially 
advanced by the intelligent application of the principles of the various branches 
of engineering to specific agricultural practices. 

Undertakings of this character, while productive of much of an immediate ly 
practical nature, have so far served to show that the engineering requirements of 
agriculture are, toa considerable extent, unlike those in any other industrial 
field, and the necessity for the development of new data and, in many cases, of 
entirely new engineering principles has been strongly evident. The need is appar- 
ent, therefore, for thoroughgoing studies of several of the important and expensive 
agricultural operations, especially those involving the use of power and labor, to 
establish their full requirements and thereby provide bases for engineering devel- 
opments ta satisfactorily meet such requirements permanently, economically and in 
a fundamentally sound manner. 

This would suggest that tne origin of a program of research in agricultural 
engineering at an agricultural experiment station should lie primarily in the pro- 


gram of agricultural research already existing at the station, Assuming that the 


_ station program is organized as a whole to meet the needs of the agriculture of 


the State, it seems logical to determine in what of its features agricultural en- 


gineering cooperation is needed and can contribute most effectively to its ultimate 
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ultimate soecific aims in order to arrive at the most promising lines of agricul- 


tural’ engineering research which a station can, undertake. Attention is drawn ir 


the following to a few outstanding cases of this nature which are typical of a 
large number observed in a first-hand study of the programs of research at a 


larze proportion of the experiment stations during annual official visits. 


CROP PRODUCTION 
Crop production: requires ‘a tremendous annual axportitins labor and 
power and, therefore, offers perhans the biggest field for profitable nericul- 
tural engineering research. An analysis of all of the operations involved in 
the production of a crop, from the time the seed ded is first pyomanae ea the 
crop planted to,-the- time the crop is harvested and housed, will show where the 
power and labor is cxscnded in the largest amounts, and should also indicate the 
points at whicn Ree ae eeadiee can be inaugurated most profitably. 3 
| “Ibis known ree evunpl el, that varying with loculity, from 45 to 65 per 


cont of. the total cost of producing a crop of corn is represented by the power 


and labor Yeveand in the different operations involved. In other words, the 
biggcst expense of corn production Llics in Phose fuels susceptible of modifi- 
cution by engincer ing: manipulation and this secms to hold true for most of the 
major cultivated crops. Undoubtedly, this situation has been relieved to some 


extent by better -management of the necessary ovérations and the mechanical equip- 


ment used.. The fact *has been.brought out, however, that the methods of proce= 
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dure used and the available cquipment are somotimes not pdeduece to fully meet 
the actunl requirements of certain AGecssary operations. it is also being found, 
in some cases that the:underlying physical ‘principles of she operation involved _ 
ore not fully known, and: the logical conclusion is that tnesat prea: mast be 
élucidated to permit the logical and sound development of procedure and mechani- 


cal equipment to fully mect the requirements of 2 necessary operation most econ- 


omically. 
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permit the Logical and sound dere onaent of peoeeue © and mechanical Sa a 
to fully meet a requirements of a necessary cae most economically. 

Pillage. --In corn wae oe row crop SS ave Cilleee for example; is 
one of the outstanding necessary ‘practices Waich has been fous in all its phases 
to exceed Cae ete EN EASA other peer operation as se consumer of labor and 
power. It involves the preparation of the seed bed aan the oe ae of the 
growing crop and ae. two lines a) eyeee oa. vnich appear Det eae especially 
in localities where the Seis Bare dit ficthiy to) ture peoheely or have low tractive 
properties. These lines call naturally for the coordination of the forces of soil 
technology and agricultural eee They are (1) the fundamental improvement 
of the tillage machinery Bie it will satisfactorily meet the seed bed and cul- 
tivation requirements of the crop ee ee with @& minimum Cae re of aabor 
and power, and (2) the fundamental ee elae of se ee) retract to meet 
the severe conditions imposed in the Let ae of the tillage machinery more effi- 
oor one ee 

These see hy of work have ayn been pecoereen at some sels vee experiment 
anes auee The studies at the Alabama Station on the relation of ‘the dynamic prop- 
erties or the soil to the elements of rete ea nee eee and on the fone: 
mental factors in soils ees 4 the traction of whee] tractors are outstanding 
eat ge of TRS calculated to NON 2 econony and. e efficiency invo. Soil vitae 
practices from poe the tillage and the traction Anas where the soils concerned 
present problems! from both standpoints. They een) eae recognition of the 
importance of elucidating ‘as Lote tier soils mae aise Soret tillage and 
traction to provide a sound basis for the development of tillage and eer on 


methods and mechanical equipment. Equally as striking and important in this 
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and of the dynamics of field machines. he lowa and Nebraska Stations. also are 


J 


stuuying the factors involved in the draft of. tillage machines with the iden of 
ine educine preatey Rect and efficiency into their operation by rneadjustiacnt 
and improvement. These studics have been inaugur: ted. through the reulizgation 
that the prescnt methods of usc of available tillage. and fraction .iwenincry and, 
in many eses, the moO ha ee Magill y 2 2 not yet fully adcquate to sacct most 
economically ae Lee Sees as Se ‘requirements of some cultiv.t¢ crons 
in certain Soils, and thst efforts, for thoir.rcaevelonment, met be Tund. cacntilly 
sound. | | rie 

Use of seep ie use of fertilizers is. one..of, the ‘prsetiecs which 
is apparcntly neces : ony for th ne setiefictory production of some:of. the mejor 


crops. | The fact Chat American agriculture | consume s be twe <n 7 and 8 million tons 
of fertilizers annually suggests, that this practice represents one of the .big 
items of expense in crop production. bia, neean Rite oa pe ag 

It scems important therefore that the most efficient, use :-be: mide. of fer- 
tilizers, and som of the cxperiment stations hive pointed to: proper placement of 
the sce a teria als in the soil : Re a ee eh aan Tenn ens in this ¢onnection.: The 
Lowa and New nase etations have shown alre endy that the menner-and position of 
placement of fertilizer materials may very miteriolly influcnee its cfficient use 
by different crops. The ro piem jis Sas ssumed So much :importance thet ~ joint com- 
mitt.c hrs becn formulated re brosenting. the. Amerioan Socicty of Agronomy, the - 
Nation al sys Msiee Associa 1GLORs Phe National Assdciation of Farm, Equipment Man- 


ufacturcrs, and the American Socicty of Agricultural: Engincers, to consider the 
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It seems likely that a logical attack.on this prohlem.will- necessitate a. 
combining of the forces of agronomy and agricultural engincering t) establish 


the requirements of proper placement of fertilizer materials for different crips, 


pay ie 

Manufacturers, and the American Society of Agricultural Engineers to consider the 
matter. . | | 

“It seems. likely that a logical attac'’x on this problem will necessitate a 
combining of the forces of agronomy and agricultural erent to establish the 
requirements of proper placement of fertilizer materials for different crops, and 
to permit the rational. development of methods and mechanical equipment which will 
meet these requirements. Some features of this work — already considered the 
ghysical characteristics of certain fertilizer materials under different conditions 
of temperature and humidity and of the mechanical means necessary Lor Broperiy 
handling them. As a line.of.agricultural engineering inquiry this work, therefore, 
appears to be-promising. | | } 

| Harvesting.--It is being recognized that the developnent of eatieractar 
and economical methods and equipment for the harvesting of craps calls for the co- 
ordination of the. forces of: agronomy and agricultural engineering. For example, 
work is under way in some .localities on the breeding of peas and beans which will 
permit harvesting with available machinery. The breeding process is long, expen-— 
sive, and tedious with no assurance of full success in the long run. Here it 
seems is an opportunity for profitable engineering effort to oe tie conditions 
and requirements for: harvesting these crops, as they have been developed so far» 
with the aim of modifying available machines or-of developing the principles of 
new ones which will perform: this important, operation satisfactorily. 

A somewhat similar problem is presented in-the harvesting and threshing of 

grain. Several stations have: made surveys of combining practice recently, the re- 
sults of which, in addition to serving their purpose from the farm management stand- 


point, have pointed to the importance of further analytical studies of available 
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Covelsped by the latter Stction for the bulk handling ope grain, for cxamplc, sug- 
ecsts th:t cifsrts ty secure greatcr cconomy ano eriseiencyes ms sppclt io Coto. 
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of the grain combining proccss are promising agricultural cnginecring undertsk-~ 


In a sinilar ranner the Ponnsylvenis etation has brought t) light the de- 
ficiencices of prescnt mntnie and available machinery for potet>s harvesting from 
both tne mechanical and economical standpoints and is sotting put to correct 
' them. The large amount sf ae requircd for picking up dug potatocs suggests 

he specific features. of potatos digging and elevation ag promising lines of cn- 
gincering study. The picking and husking of the corn crop is another harvesting 
yoe ration which, next to éiiineo Ws probably the greatest consume r of labor and 
power of the operations involved in corn prouuction. The ac chanics 1 performance 
af Bee hecens fn ie 2 great achievone nt in the substitution of mechanical de- 
yiecs for hand labor, but the Pennsylvanis Experiment Station has shown that much. 
is yet to be done toward bringing this process toa maximum a efficiency oni 
economy. | ; | 

Crop Processinas--Tpatitable spneieen 2 temas enginecring research also 
cxist in stationary farm aoe rat oanae ee in crop proecssing as is inlicated 
by the progress made at the Wiscanein Brpariwent corte on the dGevelonment of . 
silage cutting ani elevating methods and aquapmon and at the “Visconsin, Illinois, 
Kansas, ani Indiana Stations on corn, hay, and grain arying me thacs and equipment. 
These undertakings recognize the requirements of the finished produets as ceter- 
mincd by the agronomists and are aroneenie to meet them satisfactorily and 


economicelly ‘with the aim 9f inercasing the value of thc resulting crop. 


aie 
ANIMAL PRODUCTION 

As the knowledge of the relation of the productiveness of hogs, beef cattle, 
dairy stock, and poultry to their surroundings increases it is becoming evident 
that housing conditions which control temperature, air movement and supply, and - 
ere y are important factors in the profitableness of the animal, dairy, and 
poultry industries. | 

Dairy Stock.--Dairy stock of different breeds are now known to present 
ind vidal requirements for ventilation, temperature, and humidity maintenance 
for maximum production, and preliminary work at one station, for example, has also 
Ponneres a relation between the quality of milk and the temperatures inside and 
outside the barn. Some valuable work has already been done by engineers in the 
development of ventilation methods and equipment for dairy barns and in the de- 
velopment of aie for controlling and studying air movement and temperature 
and humidity conditions in Pacing It seems likely, however, that a closer coor- 
dination of the forces of dairy husbandry and agricultural engineering, to more 
clearly develop the requirements to be met in dairy barns for economical maxi- 
mam quality production by dairy stock, will materially strengthen this important 
work. An adequate control technique seems of considerable importance in this 
work, and the development of this together with studies of materials and equip- 
ment to provide the conditions of air movement and temperature required appear 
fe constitute a promising line of agricultural engineering research. 

Poultry Production.--The housing of poultry to provide conditions for max- 
imum economic production is presenting quite a problem. For erences controlled 
studies at the Iowa Experiment Station of the air and temperature requirements of 
poultry have cast some doubt on the validity of previously accepted theories re~ 
garding the conditions which should prevail in poultry houses. They have shown, 


for example, that air purity in a poultry house is not so important a factor in 


apes 
the health and productiveness of poultry as are temperature and rates of air 
movement. Progress has already ied sen in this work in specifying the condi- 
tions which should prevail in poultry houses and in expressing them quantita~ 
tively. 

A coordinated attack on this problem by the forces of poultry husbandry, 
poultry pathology, and agricultural engineering would appear to be a logical 
undertaking with particular reference to the establishment of the houséne re— 
quirements for definite sets of conditions. The eertenes ae an adequate con- 
trol technique has already been demonstrated at the Iowa Station, and the provi- 
sion of this appears tobe a logical function of the agricultural engineers. 

The fact that available engineering knowledge is not always fully adequate to 
permit the expression of optimum poultry house conditions in terms of usable en- 
gineering specifications would appear to argue the importance ae further studies 
of the principles of air movement and of temperature and humidity control cor- 
responding to these conditions, which will provide a sound and economical basis 
for the selection of materials and methods of construction of poultry houses and 
for the design of ventilating and heating equipment where needed. 

CROP STORAGE 

Fruit and vegetable storage has always been a problem on the farm. That 
present knowledge is not fully adequate to meet the storage problem is indicated 
by the fact that storage practice now usually allows for a certain percentage of 
loss in the stored products. In recent years studies of temperature and humidity 
conditions in existing storages have indicated quite a wide variation in the qual- 
ity of the stored products with a sometimes relatively slight variation in the 
storage conditions. The Massachusetts and Indiana Stations have shown a relation 


between temperature and humidity in storages and the keeping qualities of apples 
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for example. Variations in the storage requirements to produce proper culinary 
quality has also been established in different kinds of fruit and vegetables. 

The Maryland Station has shown, for example, that carrots and white potatoes re- 
quire practically opposite conditions so far as temperature is concerned, owing 
to the desirability of a high sugar content in the former and a high starch con- 
pent in the latter. The Montana Station has shown further that there is a varia- 
tion in the vitamin content of potatoes whether stored over winter in warm, dry 
storages or in cool, humid storages, and the Missouri Station is raising a ques- 
tion as to the vitamin content of apples stored over winter. 

It thus seems likely that a storage which is suitable for one fruit or 
vegetable product may be entirely inadequate for or even harmful to another prod- 
uct. It appears, therefore, that coordinated studies of the pathological, bio- 
chemical, nutritional, and engineering factors involved in the economic storage 
of fruit and vegetable products, which will establish, under controlled condi- 
tions, the storage requirements of each product and permit the development of - 
engineering principles to adequately meet these requirements will be well worth 
while, The development of the control technique and of the features of the stor- 
age structures as engineering functions offers quite promising lines for research, 

INSECT AND PLANT DISEASE CONTROL 

The control of plant diseases and insect pests offers a problem of con- 
siderable economic importance in connection with field, vegetable, and fruit 
crop production, 

European Corn Borer.--The European corn-borer control work presents one 
of the biggest opportunities so far encountered for the development of mechani- 
cal. methods in insect control and much of a generally practical nature has al- 


ready been accomplished in this respect. The evidence so far available empha~ 
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sizes the importance, noe oe ey and effective. coordination of the ento- 
mological, agronomic, and agricultural engineering forces engaged in the work 
with the economical production of a satisfactory corn crop as the practical aim. 
The requirements of the crop mee acre cette as.well as the requirements for 
the destruction of the corn Reo which imposes a double responsibility on the 
agricultural engineers engaged in the development of mechanical corn-borer control 
methods and equipment. The field of engineering research in this connection is 
now being organized and clarified in the light of the available knowledge of the 
life history and habits of the corn borer, and appears to offer numerous profit- 
able lines of investigation for esi tet pit stations to which the corn borer is 
or may be a problem. 

Curly Top Disease .-—The curly top disease of sugar beets is an especially 
important economic problem in some of the western States and it appears that the 
beet leaf hopper is one of Phen active agents in its spread. Apparently the 
ere of the disease Ss ie not known so that efforts at preventing its 
spread have been centered largely on the control of the leafhopper. In this con— 
nection the idea of destroying the leaf hopper by electrocution has been developed 
and a study by entomologists and engineers of. the electrocution requirements of 
this insect leading to the development of practical electrical field equipment 
to meet these requirements has already made some progress at one of the stations, 
This type of undertaking appears to offer a rather promising line of engineering 


investigation in localities where the curly top infestation is economically impor- 


tant. 

Spraying and Dusting.--In spraying and dusting work for disease and insect 
control, the problem is twofold involving the difficulties of effective mixing, 
projecting, and proper depositing of known sprays and dusts as well as the neces- 


sity for considering the item of excessive power and labor expenditure. The 


Ean 
former hes cares been found to eall for a rather intricate rcs If en- 
gineering me chanics and physics ‘which must consider the physical charscteristics 
of ‘the dusting and sprayine mate: under Jiffercnt conditions in connection 
with the mechanical requirements for their proper and effeotive use. The ceo 
Imic importance %f the truck ard fruit industry in many loealitics prints ty the 
yoluc at: engineering rescareh which will introduce Sreater e¢ efficicney eae cone 
my into spraying and dusting operations. 
LAND RECLAMATION 

Lana reclamation measures may be considered to include among other thines 
such practices as drainage and irrigation. Much of a practical nature has beca 
done in the past with available cngineering knowledge by agriculturnl envinceers 
in these important lines. However, the cost of Grainage and irrigation orec= 
tices is now assuming 2 position Jf considerable importanec in the LOvaL) cost 
of agricultural production in some localities, and the necessity for a m-xirum 
If econsmy and effectiveness in the methods and permanc ency in the structures 
usel is quite prossing. This ‘means that the traditional empirical and mirc or 
less standardized methous 9f ucsigning and installing drains in any wet soil 
must give way to drazinuge practices based upon engincering principles care fully 
workeu. out to meet the conditions prescntee by individual soils. In like man — 
ner empirical irrigation practices growing out of time-honored duty of water 
tests, for oxample, must give way to methods of water application based upon 
the specific requirements of individual crops and soils. This conccption of a 
profitable field of rcscarch has already. led som experincnt’ Stations into under- 
open which coordinate the forces of 4 agronomy, plant physiology, soil tech 


nology, and agricultural cneine ecring in an effort to estxblish“thc principles 
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governing water mover ment, water 1oss, and the availab llity of moisturc ‘to. differ- 


ent crops, in individual soils under definite conditions. » Several avricultural 
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research institutions in Europe and South America have also recognized the econ- 
omic importance of work of this character, The obvious purpose 1S UOut Oly elie 
cidate these principles and to determine how the factors involved may be advan- 
tageously and most economically influenced by the use of the hydraulic engineer- 
ing principles employed in drainage and irrigation practices. The Michigan, 
Minnesota, Utah, and California Experiment Stations have been especially active 
in this work and the results so far obtained would suggest this field as being 
a promising one for agricultural engineering participation. 

CONTROL OF SOIL EROSION» 

The work in soil erosion control and prevention is a field of agricultural 
conservation which for success has been found to require in its study a coordi- 
nation of the forces of agronomy, soil technology, and agricultural engineering. 
Erosion is now recognized as practically an individual soil problem and engineer- 
ing efforts to develop methods and structures to control or prevent it must be 
aimed at the characteristics and requirements of individual soils. Studies in 
progress on soil erosion at the Texas, Missouri, and North Carolina Stations 
have already defined some of the specific problems involved in soil erosion con- 
trol. The results of this work so far, together with the statistics available 
as to the economic importance of erosion losses from agricultural lands present 
considerable evidence that this line of work is profitable as an agricultural 
engineering undertaking in States where soil erosion is a problem. 

| FARM HOME MANAGEMENT 

The comparatively recent inauguration of the national movement toward 
the introduction of greater economy of time and labor into the operations of the 
farm home has brought to light a number of rather knotty problems relating to 
the development and use of labor-saving equipment. Much has already been ac- 


complished in saving labor in the farm home by home management specialists. It 
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is being realized, however, that an intelligent coordination of home management 
and engineering forces in the effort to introduce greater convenience, comfort, 
and economy of time and labor into home-making practices is. likely to produce 
Peet stnore Quickly and in a permanently satisfactory manner. Such coopera~ 
tion is tending to develop the principles involved in individual operations such 
as cooking, laundering, cleaning, and the like, and the requirements correspond-— 
ing to them which the engineer must meet either by the proper manipulation of 
available equipment or by the development: of the specifications for new equip- 
ment. The Iowa Station was one of the first to recognize tha soundness and 
value of this procedure and to act accordingly, and work cf a similar nature is 
‘now under way elsewhere, notably. at the Washington and North Dakota Stations. 
'Thé opportunity for agricultural engineering participation seems particularly 
promising in this field, especially where the manipulation of mechanical or 
electrical principles and equipment are involved. In the development of stand- 
ards and requirements for the testing of cooking, heating and laundering equip- 
ment for example, adequate control technique is necessary and its provision is 
an important engineering function. This, together with the testing and develop— 
ment of equipment offers a practically new field of engineering investigation 
which is of considerable economic importance in the farm home. 
USE OF BOECTRICITY IN AGRICULTURE 

The use of electricity as a source of energy in agricultural practices 
has undergone considerable development during the past four years, especially 
since the National Committee on the Relation of Electricity to Agriculture and 
its auxiliary State committees have been organized. Much of a practical nature 


has been accomplished in those localities where electrical energy has been avail- 


able. 
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As pointed out ina report emanating from the Office of Experiment Sta- 
tions in 1924 on "Some Research pentires of the Application of Electricity to 
Agriculture,"* the opportunities offered by electricity for the scientific and 
economic development of aericulture are so great as to demand serious and intel- 
ligent consideration. In this ee all the facts regarding the exact re- 
quirements of agricultural processes and practices must be known in order to use 
electricity most effectively and economically. 

It has been found that features of most of the major agricultural prac 
tices have some use for electricity. This is true in features of crop production 
and use such as in crop processing and drying for example, in animal spt apalenn 
and especially in wee management . Several of the experiment stations have iden- 
tified specific problems and are ae ae eee their study. Notable examples 
are the work at the California Station on the development of electrical dairy 
equipment, at the Oregon Spa Owen fas seer teens of electrical poultry pro- 
duction equipment and at the Wisconsin and Minnesota Stations on the use of elec- 
tricity in the operation of stationary power machinery. 

A coordination of the efforts of subject-matter specialists in agriculture 
and of agricultural engineers appears necessary in all this work. While much of 
it is of rather general character it seems likely that some of the specific prob- 


lems involved offer promising lines of engineering research which the experiment 


station can well look into, 


“Agricultural Engineering, Vol. 5, (1924), No. 8, pp 180—-]185;""No. 9, pp 20%-208. 
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COMCLUS LON 

This study of «xpsoriment stution work indicates that an almost unlimited 
ficld of agricultural crnginecring investigation alrcady lies in existing research 
programs at the agricultursl experiment stations, much of which is quite promis- 
ing in nature. A few typical cxamples of such lines of work havc been suggested 
to show their origin and nature. All of thcse cases arc alike in that the necd 
for cnginecring participation arises from some very dcfinite agricultural prob- 
lom. 

Such agricultural cngincering participation in the study of agricultural 
problems may take the form of the mnipulation of cnginecring principles to in- 
troduce control into cxperiments, the testing or comparing of available equin- 
ment or the development of new cquipment on the basis of known standards or es- 
tablished requircmcnts, or original research to establish the fundamental prin- 
ciples involved in operations to provide a basis for the rational development of 
the necessary oquipment. 

Success in this work appears to call for the effective coordination of the 
efforts of subject-mtter specialists in agriculture and of those of agricultural 


engineers in the study 9f specific problems. 
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